Purpose: The objective of this study was to evaluate if the carrageenan may be used for limiting the mandibular movement. Material and Methods: Eighteen adult male Wistar rats were used for the research, 20 µl of carrageenan (4%) was infiltrated in the extra articular region, in front of the condyle to induce fibrosis. The rats were divided into groups according to the time of euthanasia (7, 15 and 30 days). Maximal mouth opening (MMO), mandibular deviation, initial and final weights were recorded and evaluated. After the euthanasia, the specimens were submitted to histological study in order to classify the inflammatory process using scores. Results: The mean differences between initial and final MMO were 1.50 mm, being greatest at the 7 days evaluation and lowest at 30 days, and were not statistically significant at any time. No mandibular deviation was observed at any of the times of evaluation. The histological scores tended to increase with time of evaluation from 7 to 30 days, but without progression of the process. Conclusion: The study model permitted the development of fibrosis in the extra-articular region in the majority of the animals.
Introduction
Temporomandibular joint (TMJ) dislocation is defined as an excessive forward movement of the condyle beyond the articular eminence with complete separation of the articular surfaces and fixation in that position (1) (2) (3) . It is commonly associated with poor development of the articular fossa, laxity of the temporomandibular ligament or joint capsule and excessive activity of the lateral pterygoid and infrahyoid muscles due to drug use or disease (1) (2) (3) (4) . A variety of therapeutic approaches designed to limit the forward excursion of the condylar head have been applied, such as intra-capsular injection of sclerosing solutions (5), intra-muscle injection of botulinum toxin type A (6), lateral pterygoid myotomy (7), scarification of the temporalis tendon and bone grafting augmentation or application of a well-designed alloplastic impediment with vitallium mesh or titanium plates (5, 8) . Another type of treatment is to reduce the eminence, thereby permitting free movement of the condyle (8) . Each form of treatment described has its own advantages and disadvantages. The placement of an obstacle in the articular eminence may result in limited mouth opening in some cases. Furthermore the removal of the eminence may lead to an articular degeneration. Adding to this, a surgical procedure always has a risk inherent to the procedure itself, such as intercurrences during the general anesthesia, facial nerve injuries and undesirable scaring; in addition to this the public health costs may be increased. Therefore the use of conservative methods is mandatory when it is indicated. Carrageenan has been used as model of inflammatory hyperalgesia in joints in experimental studies using animal models (9) (10) (11) . Thus the aim of this paper was to evaluate if the carrageenan may be used for limiting the mandibular movement in the quest for a conservative treatment for chronic mandibular dislocations using.
Material and Methods
The type of this study was an experimental animal model. The trial protocol was approved by the University's Ethics Committee. The research was made following the guidelines of the Brazilian School of Animal Research and the Universal Animal Rights of the United Nations Educational, Scientific and Cultural Organization. The sample size was estimated using the PCSIZE 1.1 program based on similar variables, this means based on the criteria described (12) , and a correction factor of 20%. Eighteen male adult Wistar rats were used for the experiment. The rats were divided into groups of 6 animals each, according to the time of killing (7, 15 and 30 days).
Maximal mouth opening (MMO), weight and mandibular deviation were recorded and evaluated at the time of surgery and death, as well as the duration of surgery. MMO was measured from each incisal papilla because the teeth of this animal continue to grow throughout its lifetime. Eighteen animals were subjected to surgery under general anesthesia, which was induced by muscular injection of ketamine and xylaxine diluted 1:1 in a dose of 0.1 ml per 100 g of weight. For local anesthesia 0.2 ml of lidocaine (1:200.000) was infiltrated. After that 20 μl of carrageenan (4%) was infiltrated extra articular, in front of the condyle. After killing the rats, the joints were submitted to histological study in order to classify the inflammatory process using scores (0 = no fibrous tissue; 1 = presence of fibrous tissue). The overall area of the extra articular infiltration was considered for this classification, using slides until the anterior area the joint was reached. The purpose was to detect the presence or absence of the tissues rather than quantify. The specimens were fixed with Bouin solution for 24 h and were decalcified in a solution of formic acid 90% (125 ml) and distillated water (125 ml) and sodium citrate (50 g) and distillated water (250 ml) for about 5 days. Semi-serial sections 5-mm thick were cut in the sagittal plane and stained with hematoxylin and eosin. For inferential evaluation the statistical study used the Wilcoxon Signed Posts and Student-t paired tests. The 0.05 level of significance was adopted for each test.
Results
During the experimental period, the animals lost weight in the first 7 days, after which they started to grow and gain weight until the end of the 30 days. Mean values of body weight of the animals were 392.66 g (day of surgery), 372.66 g (7 days of evaluation), 392.5 g (15 days) and 414.16 g (30 days). The mean differences between initial and final MMO were 1.50 mm, being greatest at the 7 days evaluation and lowest at 30 days, and were not statistically significant at any time (Table 1) . No mandibular deviation was observed. The histological scores tended to increase with time of evaluation from 7 to 30 days, but without progression of the process. The minimum scores were recorded at the 7 days evaluation and the maximum ones at 30 days (Table 2) . Histopathological findings A histologically normal joint is shown in (Fig. 1A) . At 7 days the presence of inflammation was observed in most of the animals in this group (n=3), with evidence of fibrosis in two animals (Fig. 1B) . At 15 and 30 days there was fibrosis in all animals of these groups (n=6) (Fig. 1C and D) . 
Discussion
Surgery is often appropriate when dislocation is prolonged or recurrent (3,13), which requires a general anesthesia increasing public health expenses. On the other hand the surgical techniques may increase the patient´s risk because these are invasive procedures. Thus the aim of this study is to turn the technique less invasive and onerous. Numerous surgical procedures for habitual dislocation have been described in the literature based on creating a mechanical obstacle in the condylar path, such as positioning the disk anterior to the condyle, downfracturing of the zygomatic arch and fixation medial to the eminence or by the insertion of implants into the eminence (3, 14, 15) . In addition, there are other modes of treatment that aim to restrict movement of the condyle such as the injection of sclerosing substances or even the induction of fibrosis in the tissues adjacent to the joint (14, 16) .
Another type of treatment is to remove the mechanical obstacles in the condylar path; one such procedure is eminectomy, which was introduced by Myrhaug in 1951 (1, 15) and has been used with satisfactory results and efficacy according to the literature (10, 17, 18) . No experimental studies have been published until now in the reviewed literature about this issue. Thus the comparative studies used in this investigation are most of experimental studies for ankylosis in sheep (13, 19, 20) and rats (12) and condylar fractures in rats (21) . Rats were the chosen animal because they are easy to handle and inexpensive to maintain in a bioterium, so it is convenient to use them in experimental studies. It was observed that the mean difference between initial and final MMO decreased with time of evaluation up to 30 days until it was 0.5 mm in the 30-day group. The differences were not statistically significant at any time of evaluation. These differences were expected to increase with time of evaluation (12, 20) . In relation to the histopathological findings, the presence of fibrosis in all animals was observed on 15 and 30-day groups. It is possible to state that in 82.35% of the total group there was some kind of an obstacle in the periarticular region, since all the animals were classified as 1 (presence of fibrous tissue). Bearing in mind that bone repair in rats takes around 21 days, it might be expected that the maximum evaluation time for detecting the degree of fibrosis after the induction process would be the first 30 postoperative days. This is in agreement with Luz et al. (21) , since in their experiment with subcondylar fractures in rats the histopathological findings at 1 month revealed a normal joint, with no changes at the 90-day evaluation. According to these authors, in this study it was observed that the process did not evoluted until the 30 day of evaluation. Considering both the histopathological and clinical features of this study, the tendency expected was that the greater the difference between initial and final MMO, more animals with extra-articular fibrosis would be found in each period of evaluation. This was not evidenced in the periods of evaluation or for each score, whether in isolation or when taking into account the difference between initial and final MMO. Also regarding the two forms of evaluation, it was not possible to state that there is a relationship between them. The explanation may be attributed to the high capacity for adaptation during the repair process of the studied animals. For this reason further studies with a larger sample need to be conducted. Because the histopathological findings showed fibrosis in almost all animals, the extra articular use of carrageenan may be useful for treating temporomandibular joint chronic dislocation if used on clinical situations in humans. Despite the fact that the results cannot be extrapolated to humans because of the difference between the human species and that used in the study, the present paper contributes insights that will be value in major future studies on innovative treatments for this pathosis.
